We analyze the decay modes
Introduction
Recently, the BaBar Collaboration has observed the three-body B 0 decay modes
measuring the branching fractions [1] :
B(B 0 → D * − D * 0 K + ) = (6.8 ± 1.7 ± 1.7) 10 −3 .
For the decay channel B 0 → D * − D 0 K + , a measurement has also been reported by the Belle Collaboration [2] :
The results (3) , (4) and (5) −0.47 ± 0.27) 10 −2 [3] . We expect that the experimental analysis of the processes (1) and (2) , including the study of the Dalitz plot, will be further pursued in the forthcoming future. The purpose of this note is to interpret the observations made so far, using the results Another reason of interest concerns the possibility of carrying out tests of factorization for nonleptonic B decays. It is reasonable to assume that the modes (1) and (2) mainly proceed through two-body intermediate states, such as
followed by the strong transition
D X s are charmed strange mesons; a typical diagram is depicted in fig.1 . In the factorization approximation the amplitude of the process in (7) is expressed as the product of the semileptonic B 0 → D * − matrix element and the D X s current-vacuum matrix element. In the infinite charm quark mass limit, the only contributions with non-vanishing D + heavy meson (sc) doublet, s P ℓ being the spin-parity of the light degrees of freedom in the meson. Therefore, the number of independent amplitudes contributing to (1) and (2) 
together with the experimental branching fraction B(
[4]. The result for the coupling, defined by the matrix element
(ǫ is the D * polarization vector), is:
Rewriting g D * Dπ in terms of an effective coupling g D :
one translates the result (11) into
In the heavy quark limit the parameter g in (12) describes the strong coupling of charmed mesons as well as of beauty mesons to the members of the octet of light pseudoscalars; therefore, neglecting SU(3) F breaking effects, this parameter enters some matrix elements governing the transitions in (8) . In addition, together with analogous couplings, g represents a basic quantity in the heavy-quark chiral effective theory [8, 9] , and therefore it is worth searching information about it from all available experimental data, and comparing the results with the predictions that vary in the rather wide range 0.2 < g < 0.7 [10] . This is a purpose of the present note.
In the next section we analyze the decay modes (1) and (2) and discuss how to access the relevant strong couplings. Numerical results follow in section 3. The conclusions are drawn at the end of the note. 
w expressed in terms of the heavy-meson four-velocities v, v − and w. Neglecting penguin contributions, the processes are governed by the effective weak Hamiltonian:
where G F is the Fermi constant, V ij are CKM matrix elements and the parameter a 1 reads
, with c 1,2 short-distance Wilson coefficients and N c the number of colors.
Dalitz plot variables of the decays can be defined:
and a set of invariant variables, in terms of the four-velocities v, v − and w, can be introduced:
In the plane (s, s − ) the accessible kinematical region is defined by the conditions
where
λ being the triangular function.
We assume that the decays 
and analogous matrix elements involving radial D X s resonances. In the heavy quark limit, all the couplings in (19) can be expressed in terms of two different coupling constants g and h, for negative and positive parity D X s states, respectively. This can be shown considering the effective lagrangian describing the interactions of heavy mesons with the light pseudoscalars. In the limit m Q → ∞ the heavy quark in the heavy mesons only acts as a static colour source, and the gluons decouple from the heavy quark spin s Q , thus implying a SU(2N f ) spin-flavour symmetry [11, 12] . At the opposite energy scale, for vanishing masses of the up, down and strange quarks, the QCD SU(3) L × SU(3) R chiral symmetry is spontaneously broken, the Goldstone bosons being the octet of the light pseudoscalar mesons. Both the heavy quark spin-flavour and the chiral symmetries can be realized in a QCD effective lagrangian [8] , where the term describing the strong interactions of the heavy negative and positive parity mesons with the light pseudoscalars reads:
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The fields H a in (20) describe the negative parity J P = (0 − , 1 − )qQ meson doublet, with
− :
the operators P * µ a and P a respectively annihilating the 1 − and 0 − mesons of four-velocity 
The octet of the light pseudoscalar mesons is included in (20) through the field ξ = e iM fπ , with
and f π = 131 MeV . Finally, the operator A in (20) reads
From the definitions in (19) and from eq. (20) it is straightforward to derive the relations
where we have kept some SU(3) flavor breaking terms in the masses of the D X s mesons and in the leptonic constant f K .
On the other hand, in the factorization approximation the calculation of the weak transition (7) requires the semileptonic B 0 → D * − matrix element and the decays constant of the poles D X s . In the heavy quark limit, the former is given in terms of the Isgur-Wise function ξ:
while the decay constants are defined by
s .
In the heavy quark limit, the leptonic constants 
Expressions analogous to eqs.(28)-(32), with appropriate masses, widths, leptonic constants and strong couplings, hold for the contributions of the radial excitations of negative and positive parity mesons. Such contributions are suppressed by the small numerical values of the leptonic constants and of the effective couplings. This can be shown, for example, using the relativistic constituent quark model in ref. [13] , where one obtains:
s being the first radial excitation of D s . In the same model, using the method described in [14] , one obtains:
32. Analogous reductions occur for positive parity states. A further suppression is due to the large decay width of the excited states. Therefore, one can conclude that the first radial excitations contribute to the amplitudes of the processes (1) and (2) by less than 15% with respect to the contribution of the corresponding low-lying states, an uncertainty that can be included in the error affecting the effective couplings we are studying in this note.
Numerical analysis and discussion
On the basis of the above considerations, we write down the widths of the decay modes
The decay widths depend on the effective couplings g and h. They also depend on SM parameters, such as
V cs V * cb , on the leptonic constants f Ds , . . ., on the Wilson coefficients c 1,2 as well as on the Isgur-Wise form factor ξ. All such parameters appear in the same combination in the factorized amplitude of the two-body decay in (6):
Therefore, in the ratios
one gets rid of the dependences on V cb , V cs and a 1 . As for the Isgur-Wise function, the linear form
is well suited due to the narrow range of momentum transfer involved in the decays we are considering. A strong correlation has been observed between the measured values of V cb and the slope parameterρ 2 in the analyses of the semileptonic B 0 → D * − ℓν decay spectrum and in the studies of two-body B transitions in the factorization approximation [15, 16] . However, in the ratios (36) such a correlation is essentially removed, and similar results are obtained varyingρ 2 in the rangeρ 2 = 1.38 − 1.54.
Concerning the leptonic constants, we use f Ds f D * s = 1 and
The former ratio exactly holds in the infinite charm quark limit. The latter one allow us to reduce the number of input parameters, since a deviation from unity can be reabsorbed in the numerical result for the parameter h. 
Solutions of the equations
in the variables (g, h) are found, considering the central values in (38), for (g, h) = (0.05, −0.59) and (g, h) = (0.0, +0.60). The solutions for g are smaller than the result in (13) , while the results for h are compatible with the theoretical expectations h = −0.52 ± 0.17 and h = −0.56 ± 0.28 [17] . However, before drawing conclusions from these results, it is worth analyzing the 1− and 2 − σ regions in the plane (g, h), obtained considering the experimental errors in (38). Such regions are depicted in fig.2 . They are rather tightly bounded along the h direction, while the dependence on g is mild and the range of the allowed values of g extends over all the values between g = 0 and the CLEO result eq. (13) . Along the h axis, the allowed regions correspond to |h| = 0.6 ± 0.2. The conclusion is that the main contributions to the processes (1) and (2) is depicted in fig.3 . It has been obtained for g = 0.5, h = −0.6, a 1 = 1.1, together with V cb = 0.04 and V cs = 0.974 [4] . As for f Ds , we use the value f Ds = 240 MeV obtained from the fit of (6); it is compatible, within the errors, with the value reported by [4] : (2) 
which imply, considering the experimental data in (3)- (4):
in a range accessible to current experiments. The expected decay distributions and the Dalitz plots, depicted in fig.5 , are similar to those of the modes (1) and (2), with features that it will be interesting to experimentally investigate. We conclude this section with a comment on the two main theoretical uncertainties in our approach, the use of the heavy quark limit both for beauty and charm quarks, and the factorization assumed for the nonleptonic matrix elements. The two uncertainties are correlated, and a quantitative assessment of their role is not a trivial task. If we consider them separately, we can presume that several 1 m Q corrections are compensated in the ratios used as the basis of our analysis. As for factorization, the matrix elements governing the decays considered in this note are different from the matrix elements for which factorization has been proved in the infinite b mass limit [18] . Nevertheless, the study of various processes of the type considered here, i.e. color allowed B transitions to charm mesons, shows that factorization reproduces the available data within their current errors [16] . Our analysis can be considered as a further test of factorization; experimental measurements will be helpful in shedding light on the size and the type of possible deviations.
Conclusions
The fig.3 . less significant, so that such three-body B 0 transitions appear to be well suited for studying the features of the low-lying orbital excitations of the (sc) meson system. Currently available experimental data allow us to constrain the strong coupling between such orbital excitations, the negative parity charmed mesons and the Kaon, in the region |h| = 0.6±0.2, close to the expected values. An improvement in the accuracy of the measurements would further constrain this parameter. On the other hand, the coupling g is found in a range which extends from zero to the CLEO measurement (13 
